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Postgraduate Instruction 
T 1-IE necessity for specialized train- selected specialties and consulted a technical ilig for officers, beyond the funda- library for information. It was found that lnental education received at the they were greatly handicapped by lack of 
xnv:\f .-lcademy, probably is not now seri- knowledge of mathematics and the funda- 
,,,lsl!. qestioned by anyone. In practically mental sciences. The need for more instruc- 
cyel.y department on board ship an c,iicer tion and a carefully planned curriculum was 
rLquires a comprehensive understanding of soon recognized. Accordingly, in 1912, 
t l l t  fundamentals of engineering, and in the title of the school was changed to 
!,Ifin)' cases is faced with complex problems "Postgraduate Department" of the Naval 
,r.]lich call for expert treatment. The need Academy. The scope was enlarged to in- 
ior special training is great in the operating clude postgraduate instruction for naval 
field. It is essential if real progress is to be constructors, civil, ordnance, electrical, and 
inndc in improved methods and design. radio engineers. Its first head was Captain 
\\.[,at is said of engineering applies with J. P. Morton, U. S. Navy. I t  occupied 
i.q,~d force to other fields. Just as intricate rooms in Isherwood Hall, the steam-engi- 
protile~~~s present themselves in administra- neering building at the Naval Academy. 
tion, law, and command. Each is merely a Work of the Postgraduate School was 
pnrt of the great problem of the conduct of necessarily suspended during the World 
xar. War. In  1919 the school was reopened, the 
\\'Me the need for specialized training old marine barracks at the Naval Academy 
112s always existed it has not always been being remodeled for the purpose. Location 
co wcll recognized as it is today. As early of the Postgraduate School at the Naval 
:IS 1871 the rank of cadet engineer was Academy makes available the facilities of 
created, showing a recognition of the need the Engineering Experiment Station and of 
ior spccixlized engineering knowledge, and the Naval Academy itself. I t  places the 
establishing an engineer corps to supply that Postgraduate School in close proximity to 
i~ceti. Later, in 1899, when it was seen that the various bureaus of the Navy Depart- 
n good Iinowledge of engineering practices ment, the Proving Grounds, Naval Gun 
n.ns an. essential equipment of every line Factory, Naval Research Laboratory and 
(lfticer, the engineer corps, as such, was various scientific institutions in Washington. 
nbolished, and amalgamated with the line. The Postgraduate School itself has well- 
l'tlrhaps the first step toward postgraduate equipped laboratories for experiments in 
instruction, as we think of it today, was the general physics, engineering measurements, 
ai~[)lication of Cadet Engineer Francis T. chemistry, heat physics, optics, hydraulics, 
h .1c.s  for a course in naval architecture. thermodynamics, metallography, internal- 
-1ftcr some difficulty he obtained for himself combustion engines, electrical measurements 
Cadct Engineer Richard Gatewood, ap- and tests, radio, and tests of materials. 
!~ointmcnts as assistant naval constructors Textbooks are furnished to the student offi- 
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Course Applied Selected 
General Line . . . . . . . . . . . . . . . . .  . I  I I 60 
Ordnance 54 8 . . . . . . . . . . . . . . . . . . . . .  
~ ~ r o l o ~ ~  ..................... 16 4 
Mechanical Engineers ......... 49 22 
A2ronautical Engineers ........ 27 3 
Communication Engineers ..... 29 15 
Electrical Engineers . . . . . . . . . . .  26 14 
Diesel Engineers .............. I9 13 
Naval Constructors 23 6 . . . . . . . . . . .  
- - 
Civil Engineers ................ 21 3 
Aviation Ordnance 7 2 ............ 
Compass Design .............. 8 4 
Law .......................... 45 4 
- - 
Total .................... .435 158 
The present size of the school is consid- 
ered sufficient to meet the needs of the 
Navy. If expansion is to be made the Bu- 
reau of Navigation hopes to make it in the 
direction of a greater general line course. 
The appropriation for the Postgraduate 
School for the past fiscal year was $150,000. 
Except in law the first year of all post- 
graduate instruction is spent at the Post- 
graduate School at the Naval Academy. The 
general plan provides that the first nine 
months shall be devoted to a basic course, 
taken, with minor exceptions, by all stu- 
dents. This does not apply, however, to offi- 
cers taking the general line course, as they 
pursue a separate line of study throughout. 
The fourth term of the first year's work is a 
specializing term. The different groups then 
are divided up and take work applying more 
directly to their respective specialties. There 
follows one or two years further of special- 
ized work, usually at some civil school, sup- 
plemented during the summers by practical 
work at navy yards o r  stations and at vari- 
ous industrial plants. 
New classes start work at the Postgradu- 
ate School about July I each year. Offi- 
cers find themselves faced with a program 
of classroom exercises, laboratory work, and 
study which requires an estimated expendi- 
ture of time of fifty-eight hours per week. 
These include fourteen hours of classroom 
exercises, twelve and a half hours of prac- 
tical work, one hour lecture, five hours of 
athletics and twenty-five and a half hours' 
estimated time for preparation. The lectures 
are usually given on Saturday mornings 
during the fall and winter terms. The lec- 
tures ordinarily cover subjects of broad pro- 
fessional interest. They are given by offi- 
cers and civilians who are authorities in their 
respective fields. The athletic periods are 
to be devoted to some form of strenu- 
exercise, outdoor whenever practicable. 
Baseball, tennis, basketball, soccer, indoor 
baseball, golf, swimming, and volley ball are 
accepted forms of exercise. 
The basic course to which the first three 
terms-nine months-are devoted, givm 
training in and provides for study of & 
fundamentals common to all engineering 
subjects. These include mathematics, me. 
chanics, physics, electricity, engineerkg 
measurements, hydraulics, engineering ma- 
terials, thermodynamics, metals, and chemis. 
try. In the third term the communicatim 
engineers take courses in alternating cur. 
rent circuits and sound instead of chemistry 
or  thermodynamics. The a6rological en- 
gineers do not take metals or engineering 
materials in the second term, o r  metals or 
electricity in the third term. They substi. 
tute for these subjects a course in German, 
since German texts are used in some of their 
later work. Their thermodynamics in the 
third term is slightly different from that of 
other groups. Particular attention is given 
to the properties of gas mixtures, and of gar 
and vapor mixtures such as the atmospherq 
instead of to the working cycles of the steam 
plant. 
The above outline is taken from a s y l l a h  
of the courses prepared by the head of thC 
Postgraduate School. Much of the otha 
material herein submitted is derived frm 
the same source. 
In the fourth t e rn  the groups are man 
definitely separated and given work a lmj  
the lines of their particular specialties. Thh 
term prepares the student officers for th 
specialized work of the following year and 
gives them an introduction to such study, 1 
The mechanical, electrical, and Diesel ah 
gineers all take the same work during thq 
term, as their subsequent courses at 
lumbia are similar in many respects. 
subjects taken are mathematics, mech 
electricity, thermodynamics, and me 
The mathematics is a continuation of 
study of the first three terms, with addi 
work on integrals in several variables, 
ment of empirical data and solutio 
systems of differential equations with ap 
cations in electricity and mechanics. An 
troduction to partial differentiation is giv 
Mathematics is stressed in all courses, 
it is the basis of any form of engineeri 
The text used throughout is Professor R. 
~ ~ t ' s  Mathematics of Engineel 
prepared especially for the off 
postgraduate School, but it has 
in other engmeering schools. 
In this term the Columbia gr 
the &echanics of engines, inclr 
balancing, forces affecting bear 
and friction losses in engines 
types, and study of free and f 
tions and resonance of elastic 
particular reference to torsiona 
verse vibrations of a rotating 
assumed loading. The 
of thermodynamics to steam 
turbines, combustion, boilers a 
internal-combustion engines, a 
sors, ref rigeration, heat trans1 
air conditioning are studied. 
in electricity pays particular at t~ 
fundamentals of alternating-CUI 
and machinery. In metallurg 
course is given in preparation j 
vanced work in metallurgy anc 
phy during the second year. 
taken up in a general way, with 
ough study of the metallograp 
treatment of iron and steel. 
makes a special study of storal 
Mathematics for the cornmt 
gineers includes a study of hyp 
tions, differential equations, vel 
and eIectric oscillations and ell 
all of which come up during the 
second year. Their electricity 
that of the Columbia group, t 
phasis more particularly on th 
terns and circuits required f o ~  
stations. They make a study 
ments of radio, including vacm 
die circuits and measurements 
quency. 
1x1 the mathematics for the 
engineers the applications of s 
f ~ h  as conformal transforma 
tial and stream functions, vorf 
telWls, etc., to the problems c FO and three dimensions and 
'?'"ation of the air forces on 
br~ianes, and propellers are st1 
is the same as t 
m*ical engineers. They 
'&dies in internal-combustic 
materials, meta 
c h m i s t ~ .  The chemistry deal 
and lubricants, 
The naval constructors taJ 
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naval constructors take the same 
course in thermodynamics and electricity as 
the Columbia group. They have advanced 
work in mathematics and take an intro- 
ductory course in the speed and power of 
ships. An inspection trip is made to the 
model basin in the Washington Navy Yard. 
One group specializing in airplane design 
is given a course in engineering materials 
with particular emphasis on structure and 
design of airplanes. 
Civil engineers are given introductory 
courses in railroad curves, surveying and 
structural engineering, and a general course 
in electrical engineering, such as applies par- 
ticularly to stationary power plants. 
The airologists continue study of Ger- 
man, and start reading German texts on 
meteorology and thermodynamics of the air. 
They take courses in physics of the air, 
weather-map drawing, oceanography, and 
collateral reading. They continue with ad- 
vanced work in mathematics. 
Ordnance engineers specializing in explo- 
sives, torpedo design, and metallurgy are 
given work to prepare them for the follow- 
ing year at civil universities. Those inter- 
ested in explosives take advanced work in 
mathematics, a course in mechanics with em- 
phasis on elastic strength of guns and ex- 
terior ballistics, and qualitative chemical 
analysis with a view to preparing for courses 
in quantitative and physical chemistry. They 
take the same course in electricity as the 
Columbia group. The metallurgists study 
mechanics, including elastic strength of guns, 
and exterior ballistics, electricity, qualitative 
chemical analysis, and an intensive course in 
ordnance metallurgy. Much collateral read- 
ing of Navy ordnance pamphlets is required. 
The officers specializing in torpedo design 
follow the same courses in mathematics and 
mechanics as the explosives group. They 
take the same work in thermodynamics as 
the Columbia group. Special courses are 
given in electricity with emphasis on the 
characteristics and phenomena of direct-cur- 
rent machinery, and in kinematics. 
For some years it was the practice to di- 
vide the ordnance class into six subdivisions, 
specializing in explosives, metallurgy, tor- 
pedo design, ordnance design, fire control 
and ballistics. In 1926 the Postgraduate 
School was informed by the Bureau of Ord- 
nance that the best interests of that bureau 
were not served by such minute specializa- 
tion. On account of the technical knowl- 
U. S. Naval Institute Proceedings 
edge required for explosives, metallurgy and 
torpedo design it was decided that the exist- 
ing practice should be continued for those 
groups. The remaining groups were amal- 
gamated into a general ordnance class. 
No educational institution offers courses 
that meet the special character of the needs 
of this general ordnance class. Accordingly 
there has been designed a course for the 
second year at the Postgraduate School 
which embraces all the subjects deemed 
necessary to qualify an officer for duties in 
ordnance design, fire control, and ballistics 
which he may be called on to perform under 
the Bureau of Ordnance. Further, it is 
believed that this course will make an officer 
a far more valuable gunnery man at sea. 
I t  has been the aim of the school to give 
the faculty members specially concerned 
direct contact with ordnance designers and 
operating personnel. To this end confer- 
ences have been arranged between members 
of the faculty and officers, designers and en- 
gineers in the bureau, the gun factory, Dahl- 
gren, Indian Head and the Army Proving 
Ground at Aberdeen, Maryland. I t  is hoped 
to establish regular contact with forces afloat 
by giving one or more faculty members a 
month's instruction at sea, preferably on a 
ship whose gunnery officer has had post- 
graduate instruction. The opportunity they 
would thus have to observe ordnance and 
fire-control material and operation during 
target practice would be of great value in 
giving them a practical background. The 
faculty have cooperated fully in the aims 
of the Bureau of Ordnance and of the head 
of the Postgraduate School. 
The new course gives instruction in the 
old standard methods in exterior ballistics as 
presented by Alger, Cranz, and Herrmann, 
as well as the more modern methods of 
numerical integration, and in the stability 
of projectiles in flight. The Le Due formu- 
las, the Ingalls methods and the method of 
numerical integration as applied by Bennett 
are covered in the work on interior ballistics. 
All the desirable features of the old course 
in ordnance design and all of the work in 
fire control have been retained and ampli- 
fied. The work in metallurgy compares fav- 
orably with that done by those specializing 
in this subject. A11 in all a very satisfactory 
course has been designed. An officer who 
completes it satisfactorily goes out well 
is spent in practical 
yards and industrial 
ample, the proving 
gun factory and o 
ment Co., Sperry 
Electric Co., Navy Yard, New York, Abev 
deen, Edgewood, and the Bureau of Ord. 
nance. 
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plays s very important part. A great 
3f problem work is given. A degree 
tstcr of science in engineering is ~ivt3l 
e mrses are completed with high 
5 shoo1 longest associatcd with our 
raduate instruction is the Massachu- 
Lnstitute of Techndogp. There have 
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aasd Pmfessor Hovgazlrd was a Dan- 
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This man, of slight figure and un- 
ltious mien, has had a profound in- 
t on ship design and constmetion in 
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L program of intensive study. During 
rst year the courses include alternat- 
lmnts and machinery, business law, 
d-rombustion engines, marine engi- 
lgs merchant shipbuilding, model mak- 
lava1 architecture, political economy, 
~rd practice, steam turbines and war- 
esign. A shop-practice course during 
lmmer preceding is followed by three 
at  the General Electric works at 
cctady, New York. Warship design 
major murx during the second year. 
Other subjects studied are naval architcc- 
ture, rigid dynamics, structures and struc- 
tural design, and precision of measurements. 
A short course in aEronautics is given. A 
satisfactory thesis is required for a degree 
of master of science in naval architecture. 
One group of naval constructors special- 
izes in airplane design. Their course is 
attend to include airplane design, airplane 
structures, propellers and airships, aiironau- 
t i d  laboratory, and airplaneengine design. 
A new course in abonautical engineering 
at Massachusetts Institute of Technology 
may require some revision later. At present 
it includes one year of work in airplane de- 
sign, automotive fuel problems, dynamics of 
engines, aircraft metallurgy and metallog- 
raphy, heat treatment, machine design, air- 
plancengine design, and a i d  propellers. A 
thesis is required for a degree of master of 
science in engineering. 
With undoubtedly the most complete 
equipment of any school in this country for 
instruction in shop-work and engineering 
practices, Massachusetts Institute of Tech- 
nology is quipped to give our torpedo de-. 
signers thebest possible preparation for their 
later duties. They take courses in auto- 
matic machinery, dynamics of machines, ma- 
chine design, mechanism of machines, ma- 
terials of engineering, heat engineering, 
heat treatment, metalbgraphy, physical 
chemistry, theory of the gyroscope, therrno- 
d,mamics, and torpedoes. This Kwers one 
year's work. They are given a resewch of 
3m hours to perform between June rg and 
December 15 of the following year. 
All the above courses at the Massachn- 
sctts Institute of Technology are preceded 
by a summer of practical work in the labora- 
tories and shops of the school. 
The ordnance metallurgists take their sec- 
ond year's work at the Carnegie Institute of 
Technolow, which is believed to give the 
best course obtainable for this specialty. 
The subjects included are general metal- 
lurgy, non-ferrous metallography, physical 
chemistry, and electro-chernistry. There is 
a special study of aluminum and its alloys, 
and special metaIlurficat problems. 
At the University of Michi~an the ex- 
plosives engineers study organic chemistry, 
physical chemistry, unit processes, utiliza- 
tion of fueIs, material balances, chemical 
technology of the organic and inorganic in- 
dustries, and explosives and pyrotechnics. 
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The aErologists divide the time during 
their second year between Massachusetts In- 
stitute of Technology and Harvard. This 
year they are taking at the former institu- 
tion D~naraische Meterologie, using a Ger- 
man text by Exner, physics of the air, 
weather forecasting, and research problems 
as  found practicable. At Harvard they are 
taking a course in climatology under Pro- 
fessor Ward. They are given a program 
of collateral reading. Last year they were 
conferred degrees of master of science in 
engineering by Harvard University. 
Communication engineers are divided for 
their second year's work between Harvard 
and Yale. At Harvard more attention is 
paid to the mathematics and theory of radio, 
while at Yale the practical side is stressed. 
At the latter school our officers come in 
contact with officers from the Army who go 
to Yale for postgraduate work in communi- 
cations. Professor G. W. Pierce, at Har- 
vard, was prominent among the group of 
scientists and engineers interested in the 
problem of submarine detection during the 
World War. Much of our present-day un- 
der-water sound equipment is due to his 
work. Like most of the professors with 
whom the postgraduate has to deal, he 
maintains a sympathetic and helpful interest 
in the aims and problems of the Navy. 
At Harvard courses are given in electric 
oscillations and electric waves with their a p  
plications to radio telegraphy and radio tel- 
ephony, electron tubes, hydrophone engi- 
neering, and special problems in communi- 
cation engineering. A degree of master of 
science in communication engineering is 
conferred if the work is completed with an 
average grade of B-about go per cent. 
The courses at Yale include mathematical 
theory of sound, transient phenomena, elec- 
tron theory, high-frequency measurement, 
hydrophone engineering and wave propaga- 
tion, and filter design. A language qualifica- 
tion, French or German, and a thesis are 
required for a degree. 
The civil engineers spend two years at 
Rensselaer Polytechnic Institute, Troy, New 
York. This school was established in 1824 
and has been in continuous existence longer 
than any other purely scientific and engi- 
neering school in English-speaking coun- 
tries. During this first year the civil engi- 
neers receive instruction in bridges, electri- 
cal engineering and power distribution, 
material testing, railroad engineering, powe 
plants, machine construction, building con 
struction, waterworks and sewers, concret, 
highways, paints, oil and varnishes. Uppr 
successful completion of their courses ant 
submission of a satisfactory thesis they ar 
given a degree of civil engineer. Th 
second year includes work in geology 
graphics, heating, ventilating and refrigera 
tion, power plants, electro-metaIIurgy, com 
munication engineering, retaining wall! 
dams and docks, business administration 
and the writing of specifications. They ar~ 
required to write a satisfactory thesis fo 
degree of master of science in civil engi 
neering. 
During their first summer this groul 
makes a surveying trip under supervisiol 
of the school. The second summer is spen 
at some large power plant, such as th, 
Brooklyn Edison Company, Brooklyn, Nep 
York. 
The summer practical work is an impor 
tant part of the course for all groups. Offi 
cers are required to keep notebooks of thei! 
activities during these periods. These note 
books, when carefully kept, become a fill 
of useful information for later reference. 
The summer program for some of tbl 
groups has already been described. Most ol 
the first summer for the Columbia and Mas 
sachusetts Institute of Technology group! 
is spent in practical instruction at thesf 
schools. The second summer is spent a' 
navy yards and the important industria 
plants concerned with manufacture of Nay 
material. The latter include such firms a! 
General Electric Co., Worthington Co., and 
the Pratt and Whitney Co., (for aviators) 
The communication engineers spend tbt  
first summer in the Office of Naval Comm* 
nications and with the Bureau of Engineer. 
ing. Under the Bureau of Engineering thq 
receive instruction at the Naval Researcb 
Laboratory, the radio test shop of the Wash 
ington Navy Yard, and at the high-pow# 
radio stations at Arlington and Annapolis 
The second summer includes visits to the 
Submarine Base, New London, Connecticut, 
Fort Wright, General Electric Co., B d  
Telephone Co., etc. The last two month! 
are spent in the office of naval communica- 
tions, studying confidential publications and 
hearing lectures on all phases of their work 
The aPrologists spend some time at Lake 
hurst during the second summer. During 
the past summer (1928) 
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ashore, stability, damage 
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Saval War College, Ne. 
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on all phases of their work. 
:s spend some time at Lake 
e second summer. During 
fie pst gummer (19283 two aficew taking 
~ ~ l t ~  engineering made an extended 
inspection tour of oil fields in the United 
sGm. 
~ h c  general fine course has been consid- 
e r d  @ the Bureau of Navigation since 
rgrg, when it was first officially recorn- 
~ d d ,  ??or some time it was held up by 
1 shortage of officers. The aim is to give 
rnluab1e training and education along lines 
fiat are important but for which an oficer 
b too litde time to spare from his regular 
dudes. It will qualify an oficer for many 
Facts now held by those with more techni- 
cal training, and should supply the experts 
h operation and admhistration. A pro- 
@ Nurse for 198-1929 includes instruc- 
tian in tactical maneuvering, navigation, 
&&city, radio, ordnance and gunnery, 
military law, informat ion and policy, econo- 
i c s ,  mechanical engineering, United States 
diilomatic history and foreign relations, 
gwemrnent, communications, coding and de- 
cading, naval aviation, supplies afloat and 
ashore, stability, damage control, and sea- 
manship. The secaml year is spent at the 
Naval War College, Newport, Rhode Is- 
?and 
Postgraduate work in law is taken in two 
at Forge Washington University, 
d m  which time officers are attached to k the o ce of the judge advocate general of 
the Navy. 
T h e  fortgoing is a survey of the present- 
scope and work of the Postgraduate 
-1. It is recognized that details of the 
Ftrn require modification from time to 
hme. 
Quoting from a recent address delivered 
the Postgraduate SchooI by Rear Ad- 
~d R. H. Leigh, chief of the Bureau of 
Navigation, a final point of equal importance 
to all postgraduates is this: "After leaving 
* Nan1 Academy it is my beIief that the 
of each oficer needs to be sharpened 
9 and refreshed after five or ten years' 
-@ up to the time he is forty-five or 
% Ptars of age. Aside from his QWII 
personal reading and study any well-rep- 
lated course serves to stimulate his ambition, 
refresh his mind and contribute to his ideas 
and imagination. Without this, and with 
personal, individual study alone, it is the 
more modem belief in the system of cduca- 
tion and training that the most successful 
results cannot be obtained-+it her in naval, 
military, or in civil life." 
Rear AdmiraI Leigh says further: 
"Graduates of the Postgraduate School have 
already made effcient contribution in the 
design and production fields of engineering 
and ordnance mrhich the service might not 
have had without this school. The subject 
of personnel and its importance is recog- 
nized by all of us. The Navy cannot over- 
look the part which iuvention, research, and 
modern production as directed by naval-OR- 
cer specialties has played in the increased 
efliciency of the present Navy today. It is 
believed that the officer who has had the 
dual experience of furnishing and handling 
both material and personnel can better un- 
derstand the demands and problem of 
each" 
Oficers of the line taking up postgraduate 
work are reminded by the Bureau of Navi- 
gation that they will nevertheless be required 
to assume the responsibilities of command. 
Many of the best officers in the higher grades 
in the Navy have been specialists or have 
spent considerable time in engineering or 
other technical branches of the service. The 
need for specialists is p a t  and the Bureau 
of Navigation appreciates the work and am- 
bition of those who desire to fit themselves 
as such. I t  desires them to feel that they 
may do so without prejudice to their op- 
portunity for higher command. To this end 
it is the aim of the bureau to arrange de- 
tails of duty to permit every officer to pro- 
gressively fit himself for the responsibilities 
of command. The mental discipline and the 
experience received through postgraduate 
work and the application to a specialty are 
assets which will benefit the oficer in later 
years. 
